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[57] = ABSTRACT

An improved process for manufacturing tetrakis (hy
droxymethyl) phosphonium amide condensation prod
uct without the formation of a precipitate. Urea or thic
urea 1s added to the tetrakis (hydroxymethyl) phosphc
nium salt having an anion formed from a dibasic o
tribasic or polybasic acid. The said salt is in aqueou
solution. The pH. of the aqueous solution of said salt ;
adjusted to the range of 4-6.5 when the urea or thioure
1s added to the salt. The proportion of said salt to sai.
urea or thiourea is 1:0.05-0.5 (molar). The sulphuri
acid salt is preferred. The process produces an im
proved aqueous product substantially free of insoluble:

23 Claims, No Drawings
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1
FLAMEPROOFING AGENTS

This invention relates to a process for the manufae-_

ture of phosphorus-containing condensation products,

the products of this process and a.process for flame-
proofing textiles using these products. The term flame--

proofing as used herein means a treatment which im-
parts flame retardance notwithstanding that it may not
completely inhibit all flame formation. It is known that

certain condensation products derived from tetrakis

(hydroxymethyl) phosphonium compounds may be
used as flameproofing agents, in particular for the treat-
ment of textile fibres e.g. cellulosic fibres. Our BP
1439607 describes condensing a tetrakis (hydroxy-
methyl) phosphonium (hereinafter described as THP)
salt, such as chloride, with a nitrogen containing com-
pound such as urea to form a precondensate. Immedi-
ately before use as a flameproofing agent the solution

obtained is treated with a base to pH 5-8 and the result-

Ing aqueous solution of precondensate is applied to the
fibres. The impregnated fibres are treated with ammo-
nia to form on them a cross-linked polymer, conferrmg
flame retardant properties on to the fibres.

Sometimes, particularly with THP sulphate, the con-
densation between the THP salt and urea does not
occur satisfactorily, precipitates form and the aqueous
precondensate gives unsatisfactory flameproofing.

We have found that addition of base before the con-
densation rather than after it can give a satisfactory
aqueous condensate and flameproofing treatment.

The present invention provides a process for the
manufacture of a condensation product from a tetrakis
(hydroxymethyl) phosphonium salt and an amide of
formula (NH3) 2CX wherein X represents an oxygen or
sulphur atom which comprises adding a base to an aque-
ous solution of said tetrakis (hydroxymethyl) phospho-
nium salt to give an aqueous solution of a tetrakis (hy-
droxymethyl) phosphonium salt at pH 4-6.5 and then
reacting said solution of phosphonium salt at pH 4-6.5
with said amide in the proportions of 1 mole of tetrakis
(hydroxymethyl) phosphonium ion to 0.05-0.5 moles of

amide to form an aqueous medium at pH 4-6 compris-

ing a tetrakis (hydroxymethyl) phosphonmm-amlde
- condensation product.

In a particular aspect of the process of the 1nventlen,
the base is added to a solution of the THP salt which has
a pH less than 5 e.g. less than 3 or 2 such as 0.5-3 e.g. or
1-3 and especially 0.5-2 e.g. 1-2. The base is usually
added before substantially any condensation with the
amide has occurred, preferably before addition of any
amide.

The salt may be one whose anion is derived from a
monobasic acid e.g. an inorganic acid, such as a hydro-
halic acid e.g. hydrochloric acid, nitric acid or an or-
ganic acid such as a carboxylic acid, e.g. an alkanoic
acid or hydroxy alkanoic acid each of 1-6 carbon atoms
such as formic, lactic, glycollic and acetic acids. Prefer-
ably, however, the anion is one derived from an acid
with at least 2 acid groups e.g. a dibasic or tribasic one
which may be organic e.g. an aliphatic di or tri carbox-
ylic acid of 2-6 e.g. oxalic, malic and citric acids or

Inorganic e.g. phosphoric or most preferably. sulphuric
acid.

phosphme, formaldehyde and an acid with the appro-
priate anion either directly or via tris (hydroxymethyl)
phosphine, and hence the aqueous solution, which is the

The THP salt is prepared in aqueous solution from.
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reaction product from such a preparation and which
may be used as such in the condensation also contains
residual amounts of these materials. The THP salt exists
in solution as an equilibrium of THP salt, formaldehyde
and free acid.

‘The amount of free acid and formaldehyde present
will depend on the method of manufacture and on the
nature of the acid anion. The amount of free formalde-
hyde present cannot be accurately determined since the
analytical procedures disturb the equilibrium, but high
levels are detrimental. The pH and formaldehyde con-
tent of the THP salt solution and the amount of amide to
be added are such that without addition of the base to
the THP salt solution to adjust the pH, a precipitate
would form on adding the amide or at least by the end
of the reaction of THP and amide. The process of the
invention is particularly suitable for THP salt solutions
of pH 1-2. The THP salt may be present in the aqueous
solution for condensation in amounts of 10-85% e.g.
30-50% by weight (expressed as THP mn) For the
avordance of doubt the weight of THP ion given is
based on the weight of the THP salt itself present, and
does not. include the weight of any unreacted starting
materials or dissociation products.

‘The pH of the solution before condensation may be
adjusted by addition of water soluble base as a solid or
liquid or in aqueous solution. The base may be an inor-
ganic compound such as the hydroxide, carbonate or
bicarbonate of a Group IA metal such as sodium or
potassium. It may, for example be sodium hydroxide.
Alternatively the base may be an organic compound
such as a tertiary amine e.g. a compound of formula
R3N wherein each R group, which may be the same or
different, represents an alkyl or hydroxy-alkyl group, -

‘preferably each of 1-4 carbon atoms. Examples of such

amines are triethylamine and triethanolamine. Sufficient
base is added to produce the solution of THP salt at a
pH between 4 and 6.5, preferably 4-6 such as 4.5-6 e.g.
>-5.8. The pH falls during the condensation and the
higher the proportion of amide to THP the higher
should be the pH of the solution at the start of the con-

~densation. The adjustment of pH occurs directly by

mixing of base and THP salt solution to give the desired
pH so that addition of too much base followed by addi-
tion of an acid, such as a salt which is a Lew1s acid, is
excluded. o

The quantlty of urea or thlourea added per mole of
‘THP 1on is 0.05 to 0.5 moles preferably 0.1 to 0.4 moles,
preferably 0.2 to 0.3 moles e.g. about 0.25 moles. The
amount of the amide added is often such that its concen-
tration in the aqueous solution would be, if there were
no condensation, 0.1-12%, e.g. 1-7% by weight.

The amide may be added as a solid to the aqueous
solution of THP salt but is preferably added in aqueous
solution.

The base is preferably dissolved in water and added
gradually to the THP salt solution with continuous

- agitation, e.g. stirring, in order to avoid high local con-

centrations.

The condensation may be carried out by addition of
all the amide in one portion to the aqueous THP solu-
tion. However preferably, and especially when the pro-
portion of the amide to THP is high, e.g. 0.3-0.5:1, the
amide 1s added in more than one proportion, or continu-
ously, with progressive addition, stepwise or continu-
ously, of the amide to a solution comprising THP-amide
condensation product. However the amide is added, the
mixing of the amide into the solution is carried out with
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continuous agitation e.g. by stirring of the aqueous solu-
tion to avoid high local concentrations of amide. The
base needed to adjust the pH, may also be added at the
same time as the amide, either separately or by addition
of a mixture of amide and base; however preferably the 5
base 1s added before the amide. It 1s possible to add the
base and/or the amide directly to the THP solution
rather than as solutions but this 1s not preferred.

The condensation reaction may be carried out at a
temperature of 0° C. up to the boiling point of the aque-
ous solution. Advantageously, the temperature 1s ad-
justed at 10-40° C. first before addition of the amide,
and then the amide added at 10° to the boiling point, e.g.
10°-40° C. The reaction may be completed by heating at
40° C. to the boiling point, e.g. 80° to the boiling point.

The reaction i1s usually carried out until the condensa-
tion is complete and there is substantially no free amide.
The progress of the reaction may be monitored by peri-
odic analysis of the solution for the free amide. Total
reaction times of 20 mins to 24 hrs e.g. 30 mins to 5 hrs
may be used, the shorter times being used with higher
temperatures. |

The condensation produces an aqueous medium at
pH 4-6 comprising a THP-amide condensation product
with a mole ratio of THP residues to amide residues of 25
1:0.05-0.5.

Our invention therefore provides an aqueous medium
at pH 4-6 comprising a tetrakis (hydroxymethyl) phos-
phonium-amide condensation product with a mole ratio
of tetrakis (hydroxymethyl) phosphonium residues to
amide residues of 1:0.05-0.5 manufactured by adding a
base to an aqueous solution of tetrakis (hydroxymethyl)
phosphonium salt to give an aqueous solution of a tetra-
kis (hydroxymethyl) phosphonium salt at pH 4-6.5 and
then reacting said solution of phosphonium salt at pH
4-6.5 with an amide of formula (NH3)CX wherein X
represents an oxygen or sulphur atom in the proportions
of 1 mole of tetrakis (hydroxymethyl) phosphonium ion
to 0.05-0.5 moles of amide. Preferred THP-amide con-
densation products can be characterised by being capa-
ble of giving, on dilution with water as necessary, an
aqueous solution containing 38% THP residues by

weight with a viscosity measured at 20° C. of 4-6 ¢S, a
pH of pH 4.5-5.6 e.g. 4.8-5.2, and usually a density of
1.26-1.28. | |

The medium is a solution with substantially no insolu-
ble solids e.g. amide-formaldehyde polymer. The me-
dium is preferably substantially free of halide, e.g. chlo-
ride unless the anion of the THP salt is a halide and also
preferably substantially free of metal cations other than 50
the small amount that may be added with the base.

The aqueous medium comprising THP-amide con-
densation product hereafter described as the aqueous
condensate, 1s used for flameproofing textiles in particu-
lar those comprising cellulosic fibres. Thus the textiles
may be made from cellulosic fibres, such as cotton, linen
and viscose rayon, from wool fibres and from blends of
these fibres with each other or with other fibres such as
polyamides and polyesters. The aqueous condensate
prepared 1n the condensation reaction may be used for 60
flameproofing directly without adjustment of pH e.g.
without addition of any base to increase the pH, but
usually simply after dilution with water.

The aqueous condensate solutions may be used as
such but advantageously they are mixed with surface 65
active additives, such as wetting agents and softening
agents to improve penetration by the flameproofing
solution and improve the handle, respectively.
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‘The agueous medium may be applied to the textile
fabric in a conventional manner, e.g. by padding. The
fabric is usually impregnated to give a pick up of 10-30
g THP 1on per 100 g of fabric. The impregnated fabric
is dried to remove most of the water, followed by cur-
ing with ammonia, in one stage as in our British Patent
1439608, or in a two stage gaseous/aqueous process as
in our British Patent 906314. The aqueous condensate
may also be used in a heat cured flameproofing treat-
ment, in which case it is necessary to add a suitable
thermosetting or reactant resin to the treatment solu-
tion. Thus the invention also provides a process for
flameproofing textiles preferably cellulosic textiles by
impregnating the textiles with an aqueous medium com-
prising a tetrakis (hydroxymethyl) phosphonium-amide
condensation product manufactured by the process of
this invention, and treating the impregnated textiles in
order to cure the condensation product to a cross-linked
polymer, usually by curing with ammonia. A conven-
tional oxidative after-treatment e.g. with hydrogen per-
oxide may be applied to the flameproofed textiles. Cel-
lulosic textiles flameproofed by use of aqueous conden-

sates from THP sulphate often have better handle and

drape than those from condensates from the THP chlo-
ride with adjustment of the pH after, rather than before,
the condensation, as in BP 1439607.

The invention is illustrated in the following examples,
in which parts are by weight.

EXAMPLE 1

An aqueous solution of THP sulphate [(HOCH3)4P]2
504 was prepared from phosphine, aqueous formalde-

hyde and sulphuric acid. This product contained 55.8%
THP— and had a pH of 2.7. 7.5 parts of sodium hydrox-
ide (0.19 moles) were dissolved in 138.5 parts of water
and added to 1000 parts of the THP sulphate solution
(3.6 moles THP +) with stirring to give a solution of pH
J.6. 34 parts of urea (0.9 moles) were dissolved into 250
parts of water and added to the THP sulphate/caustic
soda solution with stirring. The temperature of the
solution was raised to 100° C. over 1 hour and main-
tained at this temperature for 1 hour before cooling.
The condensate solution obtained was a clear liquid
containing no suspended solids. The solution had a pH
of 5.5, a density of 1.265 and a viscosity of 5.18 ¢S at 20°
C. The THP+ content was shown by analysis to be

38.0% (by weight).

EXAMPLE 2

An aqueous solution of THP sulphate was prepared
from phosphine, aqueous formaldehyde and sulphuric
acid. This product contained 59.4% THP+ and had a
pH of 1.6.

Part A. Comparative

A pair of mixtures were prepared using 141 parts
THP sulphate solution (0.54 moles THP*) and 4 and
8.1 parts urea (0.066 and 0.135 moles) dissolved in water
to give a total of 218 parts. In both cases a white precipi-
tate was formed within a few minutes of mixing.

Part B

The experiments in part A were repeated but with
addition of 2.7 parts sodium hydroxide (0.0675 moles)
dissolved in 3.3 parts water, slowly with stirring, to the
THPS solution before addition of urea so that the pH of
the THPS solution was lifted to 5.6. Each urea solution

r
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was then added as in part A but no white preclpltate
formed and the condensation proceeded as in Ex. 1

EXAMPLE 3

An aqueous condensate solution ‘was prepared as
described in example 1. This solution was diluted by
adding 35 parts of water to 65 parts of condensate solu-
tion. The resultant solution had a density of 1.165,.pH
5.6 and contained 24.7% THP+. Samples of cotton

-winceyette (154 g/m?) and cotton drill (274 g/m2)'were 10

padded 1n the diluted solution to give wet:pick ups of

97.2% and 76.7% respectively.. The fabrics were dried:
to approximately 12% moisture content and cured:by:

treatment with gaseous ammonia. The fabrics-were then

washed on a jig using 15 ml/liter 100 vol hydrogen

peroxide and 5 g/l sodium carbonate,. rinsed -well and

dried. The fabrics showed weight increases of 15.1 and’

11.1% respectively and both: satisfied the flameproofing

requirements of Bl‘ltlSh Standard 3 120 both befol'e and- 20

after washlng S RN S

EXAMPLE 4

16 parts of sodlum hydroxide (0.4 moles) dlssolved in
290 parts of water were added to 1000 parts of the THP
sulphate solution used in Example 2 (3.83 mole THP+)
with stirring to give a solution of pH 5.9. 58 parts of
- urea (0.96 moles) were dissolved in 170 parts. of water
and added to the THP sulphate/caustic soda solution
with stirring. The temperature of the solution was

] l'
ST S
S

raised to 100° C. over 1 hour and maintained at this

temperature for 1 hour before cooling. The condensate

solution obtained was a clear liquid containing no sus- -

pended solids. The solution had a pH of 5.4, a density of
1.275 and a viscosity of 4.95 ¢S at 20° C. The THP3p
content was shown by analysis to be 37.9% (by weight).
This solution was diluted by adding 35 parts of water
to 65 parts of condensate solution. The resultant solu-
tion had a density of 1.172, pH 5.4 and contained 24.6%
THP+. Samples of cotton winceyette (154 g/m?) and
cotton drill (274 g/m?2) were padded in the diluted solu-
tion to give wet pick ups of 102.5% and 84.7% respec-
tively. The fabrics were dried to approximately 12%
moisture content and cured by treatment with gaseous
ammonia. The fabrics were then washed on a jig using
15 ml/liter 100 vol hydrogen peroxide and 5 g/1 sodium
carbonate, rinsed well and dried. The fabrics showed
weight increases of 14.7% and 10.7% respectively and
both satisfied the flameproofing requirements of British
Standard 3120 both before and after washing.

EXAMPLE 5 ’"

A solution of THP sulphate had the following analy-

- sis THP+ 57.9% wt, density 1.407, pH 0.7.

Part A

To an aqueous solution of the THP sulphate specified
above, urea (5.8% by welght based on the weight of
THP sulphate) was added in aqueous solution with

stirring. A white precipitate formed within five minutes. 60

Part B

The experiment in Part A was repeated but, before
the urea was added, there was added to the THP solu-
tion with stirring an aqueous solution of sodium hydrox-
ide (2.4% by weight based on the weight of THP sul-
phate) to give a pH of 6.0 before the condensation. No
precipitate was formed. -
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- EXAMPLE 6

“To 852 parts (3.18 moles) THP sulphate solutlon (as
described in Example 5) in a reactor fitted with a reflux
condenser were added with stirring a solution of 20
parts, (0.5 moles) sodium hydroxide dissolved in 150
parts of water to give a solution :of pH 6.0. To this
solution was added with- stlrnng a-solution .of 48 parts
(0.8 moles) urea dissolved in 255 parts of water. The
reaction liquid was heated to 96° C. and the temperature
maintainied at 96°-100° C. for 1 hour The liquid was
then cooled to 40> C. and removed, as ‘a solution of
THP/urea: condensation product-of analysis THP+

37.3% (wt) density 1.264, pH 5. 2 VlSCOSlty 5.8 cS.
--‘We claim: .

1. In a process for the manufaeture of a condensatlon
product from a tetralos(hydroxymethyl)phosphomum
salt whose anion is derived from an acid having at least
two acid groups and an amide selected from the group

consmtmg of urea and thlourea the lmprovement which

comprises adding a base to dn aqieous solutlon of said
tetrakis(thydroxymethyl)phosphonium- salt to ‘give an
aqueous solution of a tetrakis(hydroxymethyl)phos-
phonium salt at pH 4-6.5 and then reacting said solution

of phosphonium salt at pH 4-6.5 with said amide in the

proportions of 1 mole of tetrakis(hydroxymethyl)phos-
phonium to 0.05-0.5 moles of amide to form an aqueous
medium which is a solution with substantially no insolu-
ble solids at pH 4-6 comprising a tetrakis(hydroxyme-
thyl)phosphonium amide condensation product.

2. A process according to claim 1 in which the base is

~ added to an aqueous solution of the tetrakis(hydrox-
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ymethyl)phosphonium salt which has a pH less than 5.
3. A process according to claim 2 in which the base is

added to an aqueous solution of the tetrakis(hydrox-
- ymethyl)phosphonium salt which has a pH less than 3.

4. A process according to claim 3 in which the base is
added to an aqueous solution of the tetrakis(hydrox-

ymethyl)phosphomum salt which has a pH of 0.5-2.

5. A process accordmg to claim 1 or claim 3 in which
sufficient base is a led to produce the aqueous solution
of tetrakls(hydroxymethyl)phosphomum salt at a pH of
4.5-6.

6. A process according to claim 5 in which sufficient

-base 1s added to produce the aqueous solution of tetrakis

(hydroxymethyl) phosphonium salt at a pH of 5-5.8.
7. An aqueous medium at pH 4-6 comprising a tet-
rakis(hydroxymethyl)phosphonium-amide  condensa-
tion product prepared by the process of claim 1.
. 8. A process according to claim 1 or 3 or 6 in which
the acid is sulphuric acid.
9. A process according to claim 1 or 3 or 6 in which
the amide is urea.

10. A process according to claim 1 in which the quan-

tity of amide added per mole of tetrakis(hydroxyme-

thyD)phosphonium ion is 0.1-0.4 moles.

11. A process according to claim 1 or 3 or 6 in which
the quantity of amide added per mole of tetrakis(hy-
droxymethyl)phosphonium ion is 0.2-0.3 moles.

-+ 12. A process according to claim 1 in which the base
iS Inorganic.

13. A process according to claim 12 in which the base
Is sodium hydroxide.

14. A process according to claim 1 or claim 3 in

-which the base 1s added before addition of any amide.

15. An aqueous medium which is a solution with
substantially no insoluble solids at pH 4-6 comprising a
tetrakis(hydroxymethyl)phosphonium-amide condensa-



4,311,855

7

tion product with a mole ratio of tetrakis(hydroxyme-
thyl)phosphonium residues to amide residues of
1:0.05-0.5 manufactured by adding a base to an aqueous
solution of tetrakis(hydrbxymethyl)phosphonium salt
whose anion is derived from an acid having at least two
acid groups to give an aqueous solution of a tetrakis(hy-
droxymethyl)phosphonium salt at pH 4 « 6.5 and then
reacting said solution of phosphonium salt at pH 4-6.5
with an amide of formula (NH3),CX wherein X repre-

sents an oxygen or sulphur atom in the proportions of 1

mole of tetrakis(hydroxymethyl)phosphonium ion to
0.05-0.5 moles of amide. |

16. A aqueous medium according to claim 15 the
tetrakis(hydroxymethyl)phosphonium-amide condensa-
tion product in which’is capable of giving an aqueous
solution containing 38% tetrakis(hydroxymethyl)phos-
phonium residues by weight with a viscosity measured
at 20° C. of 4-6 cS and a pH of .4.5-5.6. |

17. The process according to clalm 9 wherein sald
acid is sulphuric acid. |
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- 18. A process according to claim 17 wherein the
quantity of amide added per mole of tetrakis(hydrox-
ymethyl)phosphonium ion is 0.1-0.4 moles.

19. A process according to claim 17 wherein the
quantity of amide added per mole of tetrakis(hydrox-
ymethyl)phosphonium ion is 0.2-0.3 moles.

20. A process according to claim 11 wherein said acid
1s sulphuric acid.

21. A process according to claim 19 wherein the pH
and the formaldehyde content of said aqueous solution
of said tetrakis(hydroxymethyl)phosphonium salt and
the amount of said amide which is added are such that
without addition of said base to give a solution of pH
4-6.5, a precipitate would form during the reaction of
said salt and said amide.

22. An aqueous medium accordmg toclaim 7 or 1S or
16 wherein said acid is sulphuric acid.

23. A process according to claim 18 wherein the pH
of said aqueous solution of the tetrakis(hydroxymethy})-
phosphonium salt immediately prior to addition of the
base is less than 3 and wherein sufficient base is added to

raise the pH of said solution to 5-5.8.
| . X N I
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